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Background and Objectives
• Performance of propulsion systems is determined in part
by the measured thrust of the system
• Thrust stands for Electric Propulsion cannot use load cells
owing to the low thrust levels, but must measure the
displacement of the moment arm instead
• Marshall Space Flight Center (MSFC) has previously built
a traditional hanging pendulum stand but has not built a
swinging-gate, or torsional pendulum, thrust stand
•
before
• This design must measure 1-100µN thrusts and will be
suitable for thruster masses between 3-5 kg
• The system must be underdamped with very little friction•
and use a passive eddy current magnetic dampener

Torsional Pendulum Thrust Stand
MSFC VAHPER Thrust Stand

The stand will be tested with a steady state thruster and
measurements will be verified through calibrations
before and after the test
The stand must use a Linear Variable Displacement
Transformer (LVDT) to measure the displacement of the
moment arm and output a differential voltage

Design Overview and Features
• Stationary Base which can
be integrated into several
vacuum chambers
• Neoprene padding as
vibration isolation on all four
corners

Neoprene Padding as Vibration Isolation

• A moving arm which
is attached to two
low friction flexural
pivots
Flexural Pivots and Pivot Clamps

• Passive eddy current
magnetic dampener

Magnetic Damper Assembly

LVDT Coil Assembly

• LVDT measures
the displacement
of the arm

Source: J.E. Polk, et al., Recommended
Practices in Thrust Measurements. 2013.
IEPC 2013-440.

Analysis and Future Work
• The dynamics of most micro-electric propulsion thrust
stands can be modeled as a spring-mass-damper system:
•
•
•
•
•

𝐼𝜃 + 𝑐𝜃 + 𝑘𝜃 = F(t)L,
𝜃 is the angular position relative to a reference position
I is the moment of inertia
C is the damping constant
K is the effective spring constant associated with the
restoring force, and
F(t) is an applied force acting at a distance L from the
pivot

• Because the plane of motion is perpendicular to the
gravity vector on the swinging gate configuration, there is
little to no influence on the stand caused by gravity,
making it an ideal configuration for testing low-thrust
devices with differing masses.

• Integration of electronics is
ongoing
• Once the stand is fully
calibrated it will be tested
with a steady state thruster
and its efficiency will be
evaluated
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